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Is this Tropical, Subtropical, or
Extratropical?

Subtropical Tropical Extratropical

(a) Tropical
(b) Subtropical
(c) Extratropical




Is this Tropical, Subtropical, or
Extratropical?
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Outline for this presentation

* Background
* Application and Predictions
* Verification

* Exercise




Intensity and Structure Parameters that
NHC analyzes and predicts

Maximum Wind Speed

Radius of 34-,50-,64-kt winds

Minimum Pressure

Radius of Maximum Wind

Radius of the Outermost Closed Isobar
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Structure of a Hurricane
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THE WARM CORE IS A CONSEQUENCE OF BOTH LATENT HEAT
RELEASE AND WARMING BY SUBSIDENCE

OUTELOW OUTELOW

UPWAR UPWARD
MOTION MOTION
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BEYOND A FEW DEGREES
/ RADIUS FROM THE CENTER,
THE UPPER-TROPOSPHERIC
FLOW TURNS ANTICYCLONIC

FiG. 5. Analysis of wind { streamlines and isotachs) for meshes 6-
T for (a) 850, (b) 500, and (c) 200 mb. lsotachs are at 5 ms™'
intervals. Shading in {a) indicates area of tropical storm force winds
(17.5 m s7'), and in (c) areas with winds greater than 15 m s~',
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S The Effects of Wind Shear

Effects of Vertical Wind Shear (V ,) on Tropical Cyclones
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S  Well-established outflow v
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Restricted outflow
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S Intensifying vs. Non-Intensifying G
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The Extremes:
Tropical vs. Extratropical Cyclones
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Life Cycle of a Cape Verde Hurricane
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Cyclone Phase Space for BIll
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Hurricane Size Variability
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S  The Extremes: Tip vs. Tracy v

super Typhoon Tip

Tropical Cyclone Tracy
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Hurricane Sandy

75 kt. 971 mb

70 kt, 956 mb

75 kt. 943 mb
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;:); Pressure-Wind Relationship v
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Pressure-Wind Relationship

Knaff-Zehr-Courtney technique accounts for

the following:

* Maximum wind speed o
* 34-kt wind radii

* Latitude

* Environmental Pressure

* Forward Speed

Knaff and Zehr (2007)




Sometimes we stick with it... G
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CENTRAL PRESSURE VS. TIME FOR HURRICANE ALLEN, 1980: LARGE
FLUCTUATIONS LARGELY DUE TO EYEWALL REPLACEMENT CYC LES

10007

pressure (mb)

Q00

day, August

FiG. 3. Hurricane Allen: graph of minimum sea level pressure as a function of
time, based on 44 aircraft observations.




What | know about eyewall
replacement cycles

We have a sense of when they could occur
We can observe them

Intensity changes are coming

Big errors are likely going to happen too...




S  Tropical Cyclone Wind Radii Q4

NHC estimates cyclone “size” via wind radii in four quadrants

Iea_ds o an mhgrent over- NW | NE radii represent the largest
estimate of radii, especially

distance from center in

near land w y particular quadrant

Wind radius = Largest distance from the center of the tropical cyclone of a
particular sustained surface wind speed threshold (e.g., 34, 50, 64 kt) somewhere

in a particular quadrant (NE, SE, SW, NW) surrounding the center and associated
with the circulation at a given point in time
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S Data to Determine Tropical Cyclone Size

* Satellite Imagery
- Geostationary
- Polar Orbiting — scatterometer
* Reconnaissance Data
- Dropsondes
- SFMR (Stepped Frequency
Microwave Radiome}gr) LE
* Surface Observations
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S Analyzing and Forecasting TC Size Q4

Katrina - August 24

The Dvorak Technique is
very skillful at estimating
intensity, but does not help
with TC size




Geostationary
satellite —
Low-level cloud drift

SNiatgg
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Satellite winds for nearby

environment and TC size Winds

BOO-800 MB > 34 KTS
801~850 MB 2,34 KTS
- . GOES-3




S Low-Earth- Orblt Satellltes U
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e Carry microwave imagers
and sounders that can see
through cloud tops and
reveal the structures
underneath

Gaps in instrument
coverage between orbits,
which causes irregular
sampling of cyclones

Microwave location, structure, inténsity, rainfall
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ASCAT (Advanced Scatterometer) -
Surface Winds from a Polar-orbiting satellite
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Hurricane Reconnaissan
and Surveillance Aircraft
(10 Air Force C-130s,

2 NOAA P3s, 1 NOAA

G-1V)




Primary Aircraft Data s

Winds (along the aircraft track and dropsondes)

Surface pressures (extrapolated and dropsonde)

Surface winds from the Stepped Frequency Microwave
Radiometer

Aircraft Doppler Radar winds (from the P-3’s)
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P ~ BUt nobody lives at
10 000 ft

How can we use
flight level data to
estimate sutface
wmds’-’ '

3 105kt

2059
2057 |
mss




GPS Dropsondes

Measures the wind around and in hurrica
from the aircraft to the ocean’s surface
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Surface wind analyses using flight level winds

Table 2. Reduction factors and flight-level wind thresholds for determining wind radii from 700 mb
data.

FLW64 (k) | FLWS0(kt) | FLW34 (ko

Eyew all

Outer vortex

Outer vortex / Right quad

Outer vortex / Left quad

A large sample of GPS dropsondes in the innercoreo  fTCs
provides a way to determine surface wind radii from flight
level winds via the mean wind profile

Franklin (2001)




S Remotely Sensed Surface Winds

=

C-Band Scatterometer (5.6 Ghz) 4
and Stepped-Frequency
Radiometer (4-7 GH2)
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And after using all of that data,
we come up with this...




Surface Wind Field

@ Surface Wind Field of Hurricane lke -

Sustained Winds as of 1000 AM CDT Thu Sep 11, 2008 Advisory Number 42 _ -

_ 85W - 80W Jamalea 75w
Watches: Warnings: Sustained Winds: Position:
Hurricane Watch I Hurricane Warning I Hurricane Force < Center as of 1000 AM CDT

Tropical Storm Watch Il Tropical Storm Warning Tropical Storm Force — = Past Track




Wind Radii Forecast “Guidance”

e Empirical ideas
— Is the storm strengthening or weakening?
— Is persistence appropriate, or are conditions changing?

— Is the storm becoming extratropical, causing wind field to
expand?

— Will all or part of the circulation be passing over land, such that
radii could decrease?

— Is the system accelerating, such that the storm could become
more asymmetric?



NHC Forecast Skill V

NHC Official Radii Forecasts (Reconnaissance Only)
2008-12 - Atlantic Basin

—— 34 kt SKkill : -
—— 50 kt SKkill Yes, the NHC wind radii forecasts

—— 64 kt Skill | W are skillful. Skill declines over time.

34 kt skill: ranges from 30-35%
50 kt skill: ranges from 20-35%
64 kt skill: ranges from 5-35%
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How good is the guidance?




NOAR

The Models - 34 kt Verification

34-kt Wind Radii Verification (Recon Only)
2008-12 - Atlantic Basin

% The guidance is not very good.

. OFCL is considerably better than
all of the dynamical guidance
shown here.

] GFSI and EMXI have some skill
____,‘-—-""'c (errors are lower than DRCL)at 48
: and 72 h.
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The Models - 50 kt Verification

50-kt Wind Radii Verification (Recon Only)

2008-12 - Atlantic Basin
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OFCL is considerably better than
the dynamical guidance.

Among the guidance, only the GFSI
had skill at 72 h.
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